The development of liquid-fluidized bed heat exchangers for controlliing the deposition of scale in geothermal applications by Allen, C. A. et al.
W THE DEVELOPMENT OF LIQUID-FLUIDIZED BED HEAT EXCHANGERS 
FOR CONTROLLING TBE DEPOSITION OF SCALE I N  GEOTHERMAL APPLICATIONS - .  
! 
_. 
C. A. Allen, E. S. Grimmett and R. E. McAtee 
Idaho National Engineering Laboratory 
Idaho F a l l s ,  Idaho 83401 
thermal energy develop t has been slowed by the p blem of sca l e  
formation on hea t  t r ans fe r  surfgces. , Thrs is ;the case e i t h e r  i n  converting 
t o  electrical energy: 
i n d u s t r i a l  processes. 
competitive hea t  ex 
is controlled.  i 
using a'secondary cycle,  o r  i n  t ransfer r ing  heat f o r  
The object  of our program is t o  develop an economically 
ger  i n  which scale forinatio$ on hea t  t r ans fe r  surfaces  
L _ .  
xperiments conducted severa l  y,ears ago a t  our laboratory a t  the Idaho 
National Engineering Laboratory indicated t h a t  heat. t r i n s f e r  coef f ic ien ts  be- 
een sur faces  and a l i qu id  f lu id ized  bed were hi-gher than when no bed was 
present .  , These samek beds preventedideposition oxi cold surfaces near sa tura ted  
so lu t ions , .  These observations l ed  t o  the  suggesFion Ghat a f lu id ized  bed hea t  
exchanger could be developed which would prevent; the  u s u a l  deposit ion 
from "geothermal b r ine  when cooled. 
Initial s tud ie s  re conducted with 
with ho t  b r ines  flowing d i r ec t ly  from G e  
f i r s t  experiments w e r e  p e r f o e e d  i n  ~ 4 - i n c h  diameter !glass columns operating a t  
atmospheric pressure.  The heat  t r ans fe r  urfaces were made from Q,25dinch 
diameter tubing waund n to  s p i r a l l c o i l s .  
no scale deposited on eat: t r ans fe r  sur f  
sand p a r t i c l e s ,  and tha t  bed+to-tube coe i f i c i en t s  doubled. 
ranged from 4000 EO. 4500 ~ / c m * - ~ C ,  the  h-igher ' coef f ic ien ts  obtained a t  the 
higher  supe r f i c i a  ' f luidizing v e l p c i t i e  from 0.02 to' 0.045 m/sec. 
t i f i i i a l  b&es e t  our laboratory,  and 
m a l  Wells a t  Raft River,--Idaho. The 
Results from these tests showed t h a t  
es covered with a f lu id ized  bed of 
These coe f f i c i en t s  
S l i g h t l y  higher  coef f ic ien ts  were &inch diameter pressurized 
exchanger using 0.5-inch diameter tubirig wound into" a s p i r a l  c o i l  covered with 
a. sand bed havin 0 mm par t i c l e s .  Th perated f o r  60 days using 
Raft  River water ing %,2000 mg/l of dissolved 
salts .  KO scale s i t e d  Dn t he  surfaces ?f the  o i l  t h a t  was covered by t he  
f lu id i zed  bed of sand. 4 
tetemperaturc of 15 
Near fu tu re  tests include bench-scale s tudies using 
water from 6-1 a t  the  Bureau of a t ion  Cast Mesa T e s t  S i t e  near E l  Centra, 
Cal i forn ia ,  and tests under pre  one s tage  of an &-.inch diameter hor- 
i z o n t a l  exchanger located a t  Ra Preliminary data may be avai lable  
t o  this conference on r the  bench-scale un i t  a t  East >lesa. 
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DISCLAIMER 
 
This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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JC BED LEVEL INDICATES THE AMOUNT OF HEAT EXCHANGER 
COIL ACTUALLY COVERED WITH THE F L U I D I Z E D  BED 
OF SAND P A R T I C L E S .  
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Figure 1. Effect of fluidized sand bed on bed-of-tube heat transfer coefficients.  
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Figure 3. Scale deposited on cooling c o i l  above level  of 
fluidized bed of.  sand. 
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Figure 4. Scale deposited on wall of bench-scale exchanger 
above l eve l  of fluidized bed of sand. 
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Figure 5. Conceptual model of multi-stage horizontal fluidized 
bed heat exchanger. 
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Figure 6 .  Wellhead No. 1 a t  Raft River Geothermal Project 
i n  Idaho. 
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Figure 7. Experimental tube bundle for single-stage, &inch 
diameter heat exchanger. 
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Figure 8. Bed support plate for single-stage, 8-inch diameter . 
heat exchanger. 
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Figure 9 .  Shel l  and tube bundle of s ingle-stage,  &inch diameter 
heat exchanger ready to  be ins ta l l ed  at R a f t  River Geo- 
thermal T e s t  Stand. 
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Figure 10. Installed f l u i d i z e d  bed heat exchanger a t  Raft River 
Geothermal Test Stand. 
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